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Abstract 
The WVU-Symposium, organized by the Wissenschaftsverbund 
Umwelt at the Rostock University, was held in Rostock, Germany, 
from April 15-20, 1996. 109 participants and 22 students attend the _ 
symposium. 13 invited lectures and 22 lectures were given and 16 
posters presented. In two plenary discussions the general results 
achieved were discussed as well as gaps, problems and main trends 
in the next 10-20 years. The synopsis gives an overview of the main 
points. 
1. Sustainability 
We follow the definition by the World Commission on Envi- 
ronment and Development (1987): "Sustainable develop- 
ment is development that meets the needs of the present 
without compromising the ability of future generations to 
meet heir own needs." 
We wish to state, that sustainability is not back to pristine 
conditions. This is impossible with the present explosion of 
the human population and its severe impacts on global re- 
sources and environmental systems. 
2. Key issues/statements 
- Industrial point sources are mostly not a major issue any- 
more for Western Europe, USA and Canada 
- The overall situation in Eastern Europe is different and 
has to be taken into consideration at least for the next 10 
years. Industrial point sources are here no less important 
than diffuse sources. 
Important trends are physical changes and diffuse pollu- 
tion, caused mainly by increased tourism, population 
movement to coastal zone, transport pressure and chang- 
ing land use. 
The scientific ecological research as had limited value 
for policy. Future environmental management issues can 
only be tackled through collaboration between atural and 
socio-economic s iences and the relevant authorities. 
For further enhancement of the practical outputs of scien- 
tific research we should: 
• move away from single substance research towards in- 
tegrated assessment 
• include spatial planning and its importance for the envi- 
ronment 
• move forwards to satisfying social needs. 
3. Coastal region research 
- The coastal zone is defined (after PERNETTA and MIL- 
LIMAN, 1995) as "extending from the coastal plains to 
the outer edge of the continental shelves, approximately 
the region that has been alternatively flooded and exposed 
during the sea level fluctuations of the late Quaternary 
period". 
- A functional understanding of this system is largely based 
on academic research. 
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- An adequate understanding of shallow coastal water dy- 
namics is not enough for decision makers. The land-water 
interface must additionally be addressed. 
-The  environmental pressures are nearly always land 
based. Thus integration of shallow coastal waters research 
with land based activities i  essential for an understanding 
of the entire system. 
- The policy response should be focused on Integrated 
Coastal Zone Management. This management process 
must be (after TURNER and BOWER, 1995) "dynamic 
and adaptive in order to cope with changing circum- 
stances, changing social tasks, increased knowledge of the 
behaviour of coastal processes and of the behaviour and 
"value" of coastal ecosystems, changing technology, 
changing factor prices and changing overnmental poli- 
cies". 
4. Current trends 
- Industry inputs declining and the emphasis i changing to 
non-point pollution 
- There is already too much development pressure on 
coastal zone and multiple use conflicts exist 
- Population increase in the coastal zone around of 15%, 
plus seasonal peaks up to 100% may be realistically ex- 
pected in the next 20 years (SALOMONS et al. 1995) 
- Increase in transport and harbor development 
- Changes in land use in coastal and river basins 
- The present transition phase in Eastern Europe is charac- 
terized by a decline of industrial and agricultural ctivities 
and reduced pollution, but perhaps increases in other pol- 
lution sources (atmospheric, groundwater). 
Table 1 compares the natural and economical conditions 
of the Baltic Sea and the US American East Coast. 
5. Environmental management cycles 
We can adopt the conclusions from the EERO-Workshop 
(European Environmental Research Organisation; Geest- 
hacht, Germany; Oct. 1995): 
- Phase I: Characterized by strong material flow and activi- 
ties and increased impacts on the balance between ecolo- 
gy-economy (Western Europe before 1960; newly indus- 
trialized countries like the "Asian Tigers") 
- Phase II: Pollution reduction industry, with decreased ma- 
terial flow and activities but high impact on the balance 
ecology-economy (transition economies of Eastern and 
Central Europe) 
- Phase III: Pollution management i dustry and society. De- 
creased material flow and activities, reduced impact on 
the balance ecology-economy (Western Europe, USA, 
Canada): 
T a b l e  1, Comparison Baltic - US Atlantic East Coast. 
Conditions Baltic East Coast Common 
N a t u r a l  c o n d i t i o n s  
Narrow entrance x - 
Open coast with some inlets x - 
Shallow with deep basins x 
Continental shelf + slope x - 
Substantial fresh water inflow x (x) x 
Real estuaries (x) x x 
High salinities x - 
Low salinities x - 
Strong salinity gradients x (x) - 
Production (C) 140 g 350 g 
C/m2/yr C/m2/yr 
Long retention time x - 
Tides x - 
High biodiversity x - 
Organisms under natural stress x 
E c o n o m i c a l  c o n d i t i o n s  
Important resource x x x 
(fishery, shipping, recreation) 
"Hinterland" with well dev. x x x 
industry, agriculture, 
forestry 
Heavily polluted x x x 
(point sources, rivers, atmosphere) 
Overexploitation f marine x x x 
resources  
Increasing coastal human x x x 
(near iver) population 
• Financial support for enviromental research is decreas- 
ing 
• Industry is more regulated and is incorporating ad- 
vanced environmental echnologies 
• Increasing pressure on the environment/ecosystem fro
agricultural development and diversification, tourism, 
new industrial sites and transport/energy 
• Integration with socio-economic s iences i  required. 
6. Baltic Sea 
6.1. Present situation 
The Baltic Sea shares key environmental and socio-econom- 
ic characteristics with numerous coastal seas and estuaries 
around the world: 
- Increasing human and animal populations and impacts 
thereof on point and non-point source pollution 
- Degraded water quality, habitat and decreasing fisheries 
yields 
- Complex multi-jurisdictional management authorities 
- A well-trained force of scientists willing to assess the 
sources, fates and effects of pollution (Fig. 1). 
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Fig. 1. The Baltic Sea marine research facilities. 12-15 bigger esearch vessels and several small ones. Circles show main research centers• 
x = other facilities. 
Without hese scientists and the management-oriented in- 
formation they can provide, billions of ECU of public invest- 
ment are in jeopardy due to continued environmental degra- 
dation. 
In general it can be stated that there is: 
- Good knowledge and awareness on the Baltic problems 
- Far less known about ideas on how to make use of re- 
sources/ecosystem in a sustainable way. 
There are some complexities in the Baltic area: 
- Highly variable coastal morphology 
- Variations in natural influencing factors 
- A geologically oung ecosystem still being under natural 
development 
- Mosaic and changing land use 
- Diverse and differently developed research facilities 
- Technologies for management and control programmes 
differ 
- Nine bordering countries with differing political systems, 
disjunct needs and bureaucracies. 
6.2. Present needs 
We urgently need: 
- An integrated description of and approach to the problems 
of the Baltic Sea and its surroundings 
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- A synthesis-oriented analysis and evaluation of all exist- 
ing data and how they can be used for assessments and 
management of the situation 
- A total ecosystem analysis including natural and anthro- 
pogenic inputs and effects 
- A integrated research plan leading to a more knowledge of 
the entire Baltic ecosystem 
- A cost-benefit analysis combined with risk analyses and 
including sets of priorities 
- Enhanced training and public education 
- Increased mutually-benifical contacts with other regions 
having similar problems. 
Most pertinent questions affecting/impacting decision 
makers are: 
- Scientists from various nations and states hould jointly 
perform coordinated studies to address the problems at 
hand. 
- The political entities whose shores and coastal waters 
comprise the Baltic system should formulate a common 
governance ofthis valuable natural resource. 
- Financing must be justified to support integrated research, 
monitoring, data management, analysis and environmen- 
tal remediation strategies. 
From a scientists perspective, the complex political cir- 
cumstances ncountered are not controllable. However, one 
might argue that with the present improvement in interna- 
tional relations combined with technological dvances, con- 
siderably greater opportunity for success is available than 
might first appear. 
Scientists' effectiveness can be improved if they commu- 
nicate more effectively (1) with each other, (2) with public 
authorities, and (3) with the public in general. Scientists 
must understand their responsibilities a citizens and partici- 
pate more effective in outreach activities that bring scientific 
findings into the grasp of authorities and the average citizen. 
On the other hand politicians hould make better efforts to 
understand and appreciate he scientific processes. 
7. US North Atlantic Coast 
7.1. Present situation 
In many respects, the US North Atlantic coastline xhibits 
many hydrographic, morphometric and trophodynamic simi- 
larities with the Baltic Sea region (see Table 1). 
The US Atlantic coastline features numerous nutrient- 
(mainly N) sensitive, but productive shallow estuarine, and 
other coastal regions (including the continental shelf, which 
extends some 100-150 km off-shore) of varying trophic 
state. In general the trophic situation reflects the human in- 
fluence and there exists a "chronological gradient" of trophic 
conditions among East Coast estuaries, with those having 
supported the longest period of human population growth 
and exploitation often exhibit the most advanced stages of 
eutrophication. 
Geographically, estuarine and adjected waters in the 
Northwest are more heavily impacted (Type 1). Examples 
include: Narrangansett Bay (Rhode Island), the Massa- 
chusetts Bays, the Hudson River estuarine region and adja- 
cent Long Island Sound (New York), Chesapeake Bay 
(Maryland, Virginia). 
Historically less impacted, but currently- (and in some 
cases rapidly) eutrophicated waters in the Mid-Atlantic and 
Southeast region (North Carolina to Florida; Type 2) are: 
North Carolina's Albemarle-Pamlico S und region and estu- 
arine tributaries (most notable the Neuse and Pamlico 
Rivers), the South Atlantic Bight, the Savannah River and 
adjacent estuarine/coastal w ters (Georgia). 
Changing land use patterns and associated intensification 
of agriculture activities and urbanization are chief causes of 
increased nutrient loading and eutrophication in these regions. 
It is estimated that by the year 2010, approximately 70% of 
the US population will reside within 50 km of the coast. We 
therefore anticipate growing pressure to closely monitor and 
manage the rapidly growing impacts of man's activities in the 
coastal zone. Because receiving shallow waters are, by and 
large, nitrogen-sensitive, emphasis will be on N management. 
Two rapidly-accelerating N loading sources are atmospheric 
deposition (currently from 15 to >40% "new" N loading to 
these waters), surface runoff and groundwater. 
The Mid-Atlantic states (Virginia, North Carolina, South 
Carolina), are experiencing unprecendented agricultural 
growth and associated nutrient discharge problems. In some 
respects, these problems are the inverse of what has been ob- 
served in Eastern Europe, where economic decline has led to 
decrease innon-point source nutrient loading. At present, he 
Mid-Atlantic coastal plain region is the site of rapidly-ex- 
panding animal (livestock, poultry) operations, which have 
led to a precipitous increase in N loading via terrestrial 
runoff, atmospheric deposition (NH3 released from the vola- 
tization of stored animal waste) and groundwater. North Car- 
olina alone has witnessed rapid growth of swine (hog) indus- 
try, from approximately 1 million heads in 1990 to nearly 11 
million today. The generation and discharge of N-enriched 
wastes associated with this as well as other growing animal 
industries poultry represents he single greatest threat o ac- 
ceptible water quality in this region. 
In addition, the entire US Atlantic coastal region is experi- 
encing rapid human population growth, with associated ex- 
pansion of housing, industries, conversion of wetlands to de- 
velopments, marinas, recreational reas etc. 
There is increasing evidence that expanding use, nutrient 
discharge and fishing pressure has led to biogeochemical and 
trophic changes in this region. Perhaps the best example of 
these changes is a purported "epidemic" of harmful algal 
blooms (toxic dinoflagellate "red tides", cyanobacterial 
blooms) in receiving coastal waters. 
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US aquatic fisheries scientists and managers will greatly 
benefit from closer collaboration with European counter- 
parts, who, during the greater part of the 20th century have 
witnessed the cause-and-effect relationships of human popu- 
lation and economic growth, enhanced nutrient loading, ac- 
celerating primary production (eutrophication) habitat and 
resource losses. In many ways, the US Atlantic coastal re- 
gion is experiencing incipient stages of what has been evi- 
dent in the Baltic region for many years. 
7.2. Present needs 
a. Characterizing, parameterizing and modeling the impacts 
of human (urban) and agricultural growth on estuarine 
and coastal production, water quality, habitat alteration 
and fisheries resources. 
b. Development of collaboration arrangements with Euro- 
pean scientists and managers to identify common mecha- 
nisms and impacts of land use on water quality and re- 
sources and to develop regionally-applicable solutions of 
these problems. 
c. Making use of developing tools and technologies (e.g. di- 
agnostic indicators, including molecular, biochemical, 
biogeochemical probes, tracers and assays, remote sens- 
ing, pigment diagnostic indicators, etc.) for regional as- 
sessments of the above mentioned problems 
d. Development of interdisciplinary, regionally-applicable 
water quality and fisheries resource models aimed at man- 
aging human impacts on coastal resources, including nu- 
trification, toxicity impacts, overfishing, etc. These mod- 
els should be accompanied by economic and environmen- 
tal sustainability assessments (models). 
e. Development of nutrient and toxin bioremediation strate- 
gies based on exploition of natural biodiversity (especial- 
ly microbial), and integrating the tools and approaches of 
biotechnology (waste treatment). 
8. EUROBASIN Concept 
There is an urgent need to bring the Sustainability Theory 
into a realm of practice. One way is the realization of the EU- 
ROBASIN Concept (SALOMONS et al. 1995) - case stud- 
ies in agricultural, industrial and tourist dominated land- 
scapes of Europe. In brief: 
- From shallow water research to coastal region research 
- From academic driven research to societal needs (applied 
research) 
- Cost-benefit analysis as an essential part 
- Intertwining of the environment (substances, nutrients, 
sediments, pollutants, biota, processes, interrelationships, 
development, models) and the social system (Socio-eco- 
nomics agriculture, urban, industry, natural reserves, pop- 
ulation growth and migration, processes, interrelation- 
ships, development, models): 
• Data acquisition, integrated monitoring, remote sensing 
• Data handling and representation (GIS, models) 
• Applications, management, planning, scenarios 
- Integrative assessment a the basin and sub-basin level: 
• Human impacts, socio-economy scenarios 
• Process oriented studies, impacts, risk assessments 
• Cost-benefit analysis for the stakeholders, ocio-eco- 
nomics 
- Use of the information and conclusions for decisions by 
policy makers. 
9. Baltic Research 1996-2020 
9.1. Baltic Sea and countries in transition 
The recent socio-economic changes in the countries of Cen- 
tral- and East-Europe have resulted in considerable changes 
in terms of their impacts on the environment: especially due 
to decline in industrial and agricultural production. Several 
unexpected outcomes (e.g. changes in the nutrient dynamics 
in the Gulf of Riga) have occurred along with the general de- 
crease of anthropogenic discharges. 
It is of vital importance to ensure environmentally sound 
re-industrialisation and economic re-structuring of these 
countries. Environmental scientists in countries in transition 
must receive support from developed countries to be able to 
follow and predict rapid environmental changes. 
Social demands dictating political priorities of countries 
in transition are partly different from those of the developed 
countries. Environmental protection is of low level priority! 
Therefore, the policy-makers must receive encourage- 
ment from their western colleagues to re-prioritize. 
More general aspects are: 
a. Development of legally based mechanisms totransfer sci- 
entific research results to appropriate governmental u- 
thorities. 
b. Development of environmental education programs that 
bring research results to the public in comprehensible 
forms. 
c. Development of mechanisms for public involvement in 
the development of national environmental policy. The 
public should be educated and informed on these mecha- 
nisms and relevant issues. 
d. Development of management programs that are geo- 
graphically and ecologically suited. For example, if man- 
aging for better water quality, consider a river-basin ap- 
proach. Intergovernmental collaboration will be neces- 
sary in many instances. 
e. Development of management programs that are legally 
sound and defensible. Support law and policy with a solid 
scientific foundation. This is particularly important in 
cases that could affect the economic value of private 
property. The degree to which the value of property is 
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protected by constitutional nd other forms of law will 
likely vary from country to country. 
f. Development of environmental mediation tools as a way 
of addressing conflicts without always having to enter an 
adversarial judicial system. 
g. Examination of alternative management programs and 
approaches in regions with comparable cosystems and 
systems of government. Understanding successes and 
failures from these programs hould be helpful for the im- 
plementationm of the above goals. 
9.2. Future situations: anticipating social 
needs 
9.2.1. What research is needed to determine ffects at the 
ecosystem level? 
Eutrophication is one of the most important hreats to the 
health and production of the Baltic Sea. It is stimulated by 
nutrient import from point and non-point sources: discharges 
from agriculture, tourist and industrial dominated landscapes 
and atmospheric deposition. The existing Baltic Sea Joint 
Comprehensive Action Programme is primarily oriented on 
recovery of the point sources. Given current priorities will 
not ensure the final improvement of environmental condi- 
tions of the Baltic. 
Existing action programmes should be modified or an ad- 
ditional, non-point sources-oriented action programme must 
be developed. It should include as priorities: 
- Identification of "hot catchment areas", where most ex- 
cessive nutrient losses takes place 
- R e c o m m e n d a t i o n s  on improvement of land use and 
drainage systems to minimize nutrient loss 
- Implementation of best available agricultural methods, 
e.g. proper circulation of crops, no-till agriculture, rational 
use of artificial fertilizers, proper management and stor- 
age of manure to prevent nutrient discharge into water 
bodies and atmosphere 
- Activities to control NOx discharge from transportation 
and combustion of fossil fuel. 
Controlling volatilization of NH 4 from agricultural wastes. 
- Application of a concept of "atmospheric origin areas", 
considering that most of the atmospheric discharges af- 
fecting the Baltic Sea originate in the industrial and agri- 
cultural regions of Western Europe removed (sometimes 
by 100's of km) from the immediate drainage basin of the 
Baltic Sea. 
Major goals could be: 
a. Development of scenarios on how to achieve a co-exis- 
tence of economic development and ecosystem function- 
ing for sustainable development in coastal regions 
b. Development of"Blueprints" for these scenarios. 
Special attention has to be paid to toxic substances trans- 
ported via diffuse and non-diffuse pathways. They may be 
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more dangerous in the long term due to their accumula- 
tion in sediments. 
9.2.2. What research is needed for cost-benefit analysis? 
There is an urgent need for much closer collaboration be- 
tween natural scientists, economists and general administra- 
tors in the Baltic region. 
By use of simulation models environmental scientists and 
ecologists should motivate environmental goals and per- 
form "what-if" (i.e. worst case scenarios) analyses using dif- 
ferent environmental management scenarios on the basis of 
their knowledge of the function and present status of the 
ecosystem. 
Economists must perform cost-benefit analysis of various 
environmental management plans. Scientific assessments of
environmental losses or benefits must be expressed in quan- 
titative economic terms to make them acceptable for policy- 
makers. 
Effective national and international legislative approach- 
es to achieve stated environmental goals must be developed 
by lawyers. Such a collaboration between environmental sci- 
entists ecologists, economists and administrators become s- 
pecially needed when setting priorities for non-point 
sources, since more meaningful results may be expected 
from implementation f appropriate l gal and economic in- 
struments. 
9.2.3. Research-action plan 
Recommendations for future research and management per- 
taining to the function of the ecosystem and the economics 
related to a sustainable use of it: 
a. Development of multidisciplinary assessment and func- 
tional models aimed at understanding ecosystem structure 
and function and the influences of external perturbations 
- Studies of changing inputs of nutrients, toxins, etc. in- 
fluencing production, yields, changes in community 
structure, biodiversity and buffer capacity 
- Studies of habitat modification and impacts on fish- 
eries resources. 
These studies should build on existing, long-term data 
bases and trend analyses. 
b. Assessing ecosystem functional and structural impacts of 
nutrient and toxin inputs: 
- Short and long-term biogeochemical nd trophic im- 
pacts of atmospheric deposition of nitrogen and other 
nutrients 
- Groundwater impacts on Baltic Sea biogeochemical 
and trophic changes 
- Linking physical "forcing" features of the Baltic to the 
manner in which nutrients and toxins manifest hem- 
selves 
- Benthic pelagic coupling - Its role in mediating bio- 
geochemical cycling and trophodynamics 
- Differentiating of long-term climatic changes from 
human impacts on Baltic Sea ecosystem structure and 
function. 
e. Development of ecosystem risk analyses which refer to 
potential and major perturbations on production and ma- 
terial-cycling processes, based on experimental pproach- 
es and monitoring activities. These should be comple- 
mented with process-related modelling. 
d. Determining the assimilative capacity of the ecosystem 
for nutrient and toxin inputs in relation to ecosystem 
health and use of resources (e.g. chlorophylls, other diag- 
nostic algal pigments, hypoxia/anoxia potentials,toxicity, 
indicators of biodiversity). Effects of long term reduc- 
tions in specific nutrient inputs (e.g. what happens during 
restoration of a water body? 
e. Readiness for a major catastrophic man-made vent.Such 
events could quickly affect large segments of the Baltic: 
- Major oil spill 
- Accidental release of waste water (e. g. exceptional 
high discharge from the St. Petersburg waste-water la- 
goon) into the Gulf of Finland. 
f. Effects of climate change on hydrological, physical, 
chemical and biotic features. 
9.3. Highest priority - 
Research/Management Issues 
A. Non-point nutrient and toxin loading 
How are short and long-term changes in non-point nutri- 
ent and toxin loading affecting production, nutrient and 
material cycling and biodiversity of the Baltic Sea? 
Needs for realization: 
- Must be interdisciplinary (physical, chemistry, biology, 
biogeochemistry etc.) 
- Must make direct use of existing monitoring activities 
- Modelling for prediction must deal with both processes 
(e.g. rates) and structure (e.g. community biodiversity) 
in response to varying nutrient/toxin puts 
- Coupling with socio-economic changes, needs and im- 
pacts. 
B. Make use of existing and emerging technologies (e.g. use 
of ecosystem-level stable isotope measurements, molecu- 
lar characterization f processes and community struc- 
ture, remote sensing, in situ fluorometry) to assess the 
mentioned issues, problems and resource needs at differ- 
ent levels. 
10. Further activities and collaboration 
- Presentation and discussion of the results at the BMB- 
Committee-Meeting in Rostock, May 7-9, 1996 
- Information to the European Environmental Research Or- 
ganisation (EERO) 
- Presentation of the results at the Bornholm Conference, 
October 1996 
- P r e s e n t a t i o n  and discussion of the results of the 
WVU-Symposium at the international symposium and 
technology fair "Socio-economic benefits of integrated 
coastal zone management", Bremen (Germany), Decem- 
ber 9-14, 1996 
- Publication of the symposium proceedings 1997 in "LIM- 
NOLOGICA" 
- Application for a demonstration project at the EU (Infor- 
mationsdokument 1996) by the WVU of the Rostock Uni- 
versity 1996 
- Development of collaboration arrangements between US 
and European scientists and managers to identify common 
mechanisms and impacts of land use on water quality and 
resources and to develop regionally-applicable solutions 
for these problems. 
- Reintensification fthe cooperation with the Black Sea re- 
gion 
- Organisation of a 2nd international symposium on Sus- 
tainable Development in Coastal Regions in 1999. 
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